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Mangrove forests provide critical ecosystem services, fulfil important socioeconomic 
and environmental functions, and support coastal livelihood. In Sabah, the mangrove 
forests have been declining at an alarming rate because of their conversion to 
agricultural shrimp farms and urban development areas. In order to help resolution 
of these problems, a method using satellite technology was developed and evaluated 
in this dissertation for estimating and monitoring the changes in mangrove forests. 
Use of satellite technology has not yet been explored for investigating mangrove 
regions in Sabah, so that Sabah was selected as the study area. The mangrove forest 
at Mengkabong, located in the west cost of Sabah, was focused as the specific study 
area due to the current concern of mangrove destruction there. Low-cost satellite 
data of the Landsat series (Thematic Mapper (TM), Enhance Thematic Mapper 
Plus(ETM+), and Operation Land Imager_Thermal Infrared Sensor (OLI_TIRS) and 
Moderate Resolution Imager Spectroradiometer (MODIS) data were used in this 
study to promote cost-effective and long-term monitoring. 
 
This dissertation is divided into eight chapters. Chapter 1 provided an introduction to 
the nature of the study and gives a brief background of the overall research problem. 
The chapter also described the research objectives and justification of the conducted 
research and its structure. Chapter 2 summarized available literatures pertaining to 
basic information about mangroves and satellite technology. Applications of remotely 
sensed data in mangrove studies were reviewed and limitations and advantages of 
recent and advanced remote-sensing technologies were documented. 
 
Chapter 3 highlighted the potential of applying developed protocols to process 
Landsat data series satellite images (TM, ETM+, and OLI_TIRS) for classifying the 
Mengkabong mangrove area. A protocol was developed for Landsat data acquisition 
and processing for mangrove classification. The gap-filling process utilized in this 
study showed good results for producing Landsat ETM+ SLC-off gap-filled data. The 
use of Landsat data series integrated with conventional classification methods 
demonstrated the advantages of using low-cost remotely sensed data for mangrove 
studies. However, there are still several limitations and challenges in the 
identification of mangrove areas when using these conventional methods. 
 
Chapter 4 examined potential of recent advanced remote sensing methods for 
mangrove research.  A decision-tree learning method integrated with processed 
multi-temporal satellite images was applied to classify and detect rapid changes in 
the Mengkabong mangrove area. Extracted remote sensing data such as greenness 
and vegetation moisture content with GIS data (digital elevation model (DEM) and 
distance to coastline) improved the classification accuracy of mangroves especially in 
 forest and water vegetation mixed pixels. Results in this chapter showed that the 
application of the decision-tree learning method in combination with a dataset 
comprised of multi-temporal Landsat series and GIS data can be effective at 
delineating spatial and temporal changes in the mangrove forest. 
  
Aquaculture activities such as shrimp pond farming have been identified as a major 
factor of the degradation of the Mengkabong area. Thus, Chapter 5 investigated 
potential of MODIS time series data to detect and identify the conversion of 
mangrove areas to shrimp farms in Mengkabong. A simple and robust statistical 
method of change analysis was developed and applied to the MODIS enhanced 
vegetation index (EVI) time-series data. The findings confirmed that the technique 
developed could be applied to determine the history of mangrove deforestation and 
the development of aquaculture in the Mengkabong area for a 14-year period (2000–
2013). 
 
Chapter 6 provided the developed schematic-protocol for the mangrove monitoring in 
Sabah by the application of remote sensing techniques. To highlight the advantages 
of remote sensing technology utilization, cost-effective, and long-term multi-temporal 
remotely sensed data, Landsat series and MODIS data were focused, and utilized for 
the application. The methodology protocols included (1) identification of the 
mangrove problem in the selected area, (2) remotely sensed data preparation, 
pre-processing, processing and classification analysis, (3) selection of change 
detection algorithms, and (4) evaluation of the change detection results. The protocols 
and processing procedures for the Landsat satellite and MODIS data in the previous 
chapters were proposed as methods. Results showed the usefulness of the developed 
schematic-protocols for mangrove monitoring in Sabah. Subsequently, monitoring 
program procedures for a mangrove conservation management plan in Sabah were 
suggested. 
 
Chapter 7 evaluated the effectiveness of the developed protocol for monitoring 
protected mangrove forests in Malaysia. The evaluation parameters used were the 
satellite data characteristics, cost, time-requirement, degree of expertise, and method 
accuracy. Findings revealed that the availability and ease of access to Landsat and 
MODIS, the time efficiency, and the cost-effectiveness of the methods will promote 
the use of these low-cost satellite data for mangrove monitoring and change detection 
studies. 
 
Chapter 8 described the key findings of the research as a conclusion.  Limitations of 
the study were also underscored. Recommendations on the use of remote sensing 
technology for monitoring changes in mangrove areas were then given based on 
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